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Abstract: Sarcopenia is a major problem occurring in the aging population. Based on previous
research, music appears to have a positive influence on many aspects of life, including physical
performance. This led to the question of whether listening to self-selected favorite music could
improve peripheral muscle strength in older people. In this crossover study, community-dwelling
people aged 65 and older were included. All participants performed handgrip strength measurements
in three different circumstances: while listening to their favorite music, their most disliked music, and
no music at all. As the primary outcome measurement, the within-person differences in maximum
handgrip strength between the three music conditions were analyzed. A total of 153 participants
(aged 73.0 ± 6 years) were included. Listening to favorite music resulted in an increase in maximum
handgrip strength of +0.87 kgf (0.54–1.21, p < 0.001) compared to no music, and of +0.97 kgf
(0.56–1.37, p < 0.001) compared to least favorite music. Thus, listening to favorite music has a positive
effect on handgrip strength in older people. Apart from its implications for scientific grip strength
measurements, this effect may be used as a fun and innocent stimulant in rehabilitation and workout
classes with seniors, which could be further tested in a range of older people.
Keywords: elderly; muscle power; handgrip strength; music
1. Introduction
One in three older people living at home and fifty percent of older people living in a nursing
home fall at least once a year [1]. One of the causes of fall incidents is peripheral muscle
dysfunction, which increases in prevalence by age [2]. Sarcopenia is present in 2 to 37 percent
of community-dwelling older people, depending on the criteria [3]. In geriatric practice, frailty and
muscle power are often measured using handgrip strength, which is a valid measure for peripheral
muscle function [4]. Furthermore, handgrip strength is a part of frailty characteristics, predictive
of mortality and sickness [5–7], and closely related to the amount of muscle mass in the body [8].
Improving muscle function and grip strength in older people is difficult, which warrants a search for
therapeutic innovations.
Previous research has shown positive effects of music on many aspects of life, including movement
and cognition [9–12]. One study found that music therapy has beneficial psychosomatic effects
and improves cognition and exercise in older people with dementia [6]. Others showed that music
stimulates motivation in people who are rehabilitating after an injury [7]. In sports science, there is
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evidence of a positive effect of music on grip strength and performances in running and other
endurance sports [13–15]. In addition, De Dreu et al. investigated the effects of music during exercise
therapy in patients with Parkinson’s disease, who showed significant improvements in gait and
gait-related activities [16].
As a theoretical background for these results, Bishop et al. examined the neurophysiological
mechanisms associated with music in the context of physical performance [17]. They placed young
athletes in an fMRI scanner to see which parts of the brain are stimulated while listening to music.
They found that music with faster tempo and higher intensity stimulated structures integral to
visual perception (inferior temporal gyrus), allocation of attention (cuneus, inferior parietal lobule,
supramarginal gyrus), and motor control (putamen) during reactive performance. Others have shown
signs of a sympathetic reaction of the nervous system to the rhythmical components of music [18–20].
Arousal may also be increased via extramusical associations [21]. Both stimulating and calming music
are able to prepare people mentally for exercise. Stimulating music can increase the adrenergic response,
increasing heartrate and breathing rate, while calming music with strong extramusical associations can
conjure the right type of mental processes [21]. In addition, music might also cause a dissociation from
the fatigue and discomfort that is produced by exercise [22,23].
A person’s preferred music—regardless of the type—may have additional qualities. For instance,
the familiarity of a melody can influence its psychophysiological effects [14]. Basic research has shown
that listening to a person’s favorite type of music improves functional connectivity in the default
network in the brain and alters the connectivity between auditory brain areas and the hippocampus,
which are involved in self-referential thought and memory encoding [24]. In a study by Bartolomei et al.,
favorite music had a positive effect on strength endurance in young men while performing bench press
exercises. [25]. Biagini et al. also showed increased performances during an explosive exercise while
listening to self-selected music [26].
This led to the hypothesis that self-selected favorite music may also have a beneficial effect on
movement, peripheral muscle strength, and rehabilitation in older people. As a first test of this
hypothesis, we designed a crossover trial with different types of music in healthy older people,
using handgrip strength as a well-validated measure of peripheral muscle strength [4].
2. Materials and Methods
2.1. Study Population
We selected a group of healthy community dwelling people aged 65 and older, who were recruited
at a senior exhibition and a senior sports class of a local physiotherapy practice. Inclusion took place in
April 2018 during two randomly chosen days of the senior exhibition and two random days at the
local physiotherapy practice. No exclusion criteria were set except an age below 65 years old and the
inability to complete handgrip strength measurements.
All participants gave their informed consent for inclusion before they participated in the study.
The study was approved by the institutional review board ‘Committee on Research involving Human
Subjects Region Arnhem-Nijmegen’ with case number ‘2018-4134’ and adheres to the ethical principles
as proposed by the World Medical Association Declaration of Helsinki, 7th revision (2013). The study
is listed on the ISRCTN registry with study ID ISRCTN12917785.
2.2. Materials and Procedure
The general characteristics of our participants were acquired with the well-validated ‘The Older
Persons and Informal Caregivers Survey’ (TOPICS), to which we added questions about dominant
hand and arm complaints [27]. For all participants, maximum handgrip strength was measured in three
different circumstances: while listening to their favorite music, their most disliked music, and no music
at all. The musical preferences were asked as an open question beforehand. Identical headphones
were used to exclude a confounding effect based on different sound qualities or loudness. A handheld
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dynamometer (JamarTM via FysioSupplies B.V., Groningen, the Netherlands) was used to perform
the measurements, following a standard protocol [18]. Handgrip strength was measured in kilogram
force (kgf).
The experiment was executed in all six possible orders of the music (Table 1). This should
prevent a systematic carryover effect of tiredness and of the different types of music. Participants were
divided over the six setups in the order in which they showed up at the test setting. Each participant
received exactly the same instruction and had a single test session before starting the measurements.
For each type of music, maximum handgrip strength was measured three times using the dominant
hand. Participants listened to the music for the total duration of the handgrip strength measurements.
The mean of these results was used for analysis. Inclusion, assignment of participants to the six test
setups, and conduction of the study were done by four experienced medical students, all trained in
grip strength measurements.
Table 1. Order of grip strength measurement conditions.
1. Test 1 Favorite music Least favorite music No music
2. Test Least favorite music Favorite music No music
3. Test Favorite music No music Least favorite music
4. Test Least favorite music No music Favorite music
5. Test No music Favorite music Least favorite music
6. Test No music Least favorite music Favorite music
1 Note: Each participant received the instructions and had a single test session.
The primary outcome measures were the within-person differences in maximum handgrip
strength between the three music conditions. As a secondary outcome measure, the effect of multiple
self-reported patient characteristics on handgrip strength was analyzed.
2.3. Statistical Analyses
To be able to show an effect size of 0.3 for the effect of favorite music versus no music with
a power of 80% and a significance level of 0.05, the sample size of the study had to include at least
90 participants. The analysis of the effect of the different types of music on handgrip strength was
conducted with a paired t-test. Cohen’s D effect sizes were calculated. A one-way ANOVA was
performed to check for differences in results between the six test setups. Using an unpaired t-test,
differences in handgrip strength in specific groups (gender, dementia, hearing problems, and arm
complaints) were analyzed. To test for interactions of multiple patient characteristics with handgrip
strength and with the differences in handgrip strength between the types of music, multiple linear
regression and repeated measures analysis were performed, respectively. For data analysis, we used
SPSS (IBM SPSS Statistics 25).
3. Results
One hundred and sixty people were recruited for the study, of whom 157 fitted the inclusion
criteria. Three people were under 65 years of age. Due to an overwhelming enthusiasm to participate
at both sites, we included more subjects than was calculated for the minimum sample size beforehand.
Four participants were not able to perform the tests because of severe arm complaints, which led
to a total of 153 inclusions (Figure 1). The average age was 73.0 ± 6 years old. The total number of
participants in each of the six test setups slightly differed (group 1: 27 persons; group 2: 28 persons;
group 3: 25 persons; group 4: 25 persons; group 5: 23 persons; group 6: 25 persons), as a consequence
of the exclusions and the inclusion at two different settings. Table 2 shows the baseline information of
all participants.
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while Hardstyle was the least favorite type of music for many participants.   
Listening to favorite music resulted in a significant increase in maximum handgrip strength of 
+0.87 kgf (p < 0.001) compared to no music and of +0.97 kgf (p < 0.001) compared to least favorite 
music. This resulted in effect sizes of 0.38 and 0.42, respectively. There was no significant difference 
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The mean results of handgrip strength measurements are shown in Figure 2. There were no 
significant interactions between the order of presentation of the music in the six setups and handgrip 
strength for the different music conditions. Gender showed a significant influence on handgrip 
strength in all music categories (men achieved better results than women). Dementia, hearing 
problems, and arm complaints did not result in significant differences in maximum handgrip 
strength.  
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Descriptive Number Percentage

























One or more falls in the last 12 months 25 16.3%
Dementia 3 2.0%
Hearing problems 22 14.4%
Receiving home care 10 6.5%
Dominant hand
Right 128 83.7%
Arm complaints 49 32.0%
No common type of favorite music could be determined. However, classical music (espescially
Bach) and popular nostalgic music (especially Frank Sinatra) were mentioned most often as favorites,
while Hardstyle was the least favorite type of music for many participants.
Listening to favorite music resulted in a significant increase in maximum handgrip strength of
+0.87 kgf (p < 0.001) compared to no music and of +0.97 kgf (p < 0.001) compared to least favorite
music. This resulted in effect sizes of 0.38 and 0.42, respectively. There was no significant difference
between the least favorite music and no music condition (Table 3).
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Table 3. Mean difference in handgrip strength related to the type of music.
Compared Music Conditions Mean Difference in HandgripStrength in kgf (95% CI) p-Value Cohen’s D
Favorite music vs. no music +0.87 (0.54–1.21) <0.001 0.38
Favorite music vs. least favorite music +0.97 (0.56–1.37) <0.001 0.42
Least favorite music vs. no music −0.09 (−0.49–0.31) 0.191 -
The mean results of handgrip strength measurements are shown in Figure 2. There were no
significant interactions between the order of presentation of the music in the six setups and handgrip
strength for the different music conditions. Gender showed a significant influence on handgrip strength
in all music categories (men achieved better results than women). Dementia, hearing problems,
and arm complaints did not result in significant differences in maximum handgrip strength.
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4. Discussion
The aim of this study was to investigate the effect of self-selected favorite music on peripheral
muscle strength and exercise in older people, thereby testing a possible new and fun way to stimulate
them while training. We found that older people show a significant increase in maximum handgrip
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regarding physical performance with generally positive results [13,14,19]. The use of self-selected
favorite music during exercise has also shown positive effects [15,25,26]. These results are in line with
our findings. In addition, we found a significant correlation between handgrip strength and gender,
mobility, and weight, which is consistent with findings in previous studies [28–30].
There are, however, some limitations to our study. Firstly, most of our participants were living at
home, and many of them were walking independently, which limits the external validity for more
frail or institutionalized older persons. Future research might therefore also aim for more vulnerable
groups. Secondly, the effect of background music at the senior exhibition may have influenced results.
We tried to prevent this as much as possible by using over-ear headphones to exclude ambient noise.
Thirdly, participants were able to freely choose their own favorite and least favorite music. Some of
them, however, had no real preference or were not able to name a song by themselves, in which case
the researchers named artists and songs that were widely used by other participants to inspire them.
In this case, the effect of (least) favorite music may have been distorted. Furthermore, participants
and researchers were not blinded for the different types of music during measurement of handgrip
strength. We tried to keep any influence by the researchers to a minimum by giving each participant
exactly the same explanation during the strictly protocolized tests.
5. Conclusions
This study shows that listening to self-selected favorite music has a positive effect on handgrip
strength in older people. Though the absolute difference in strength gained seems modest, for a frail
person, one kgf may make the difference in being able or not able to stand up. Apart from its
implications for scientific grip strength measurements, this effect may be used as a fun and innocent
stimulant in rehabilitation and workout classes with seniors, which could be further tested in a range
of older people.
Author Contributions: Conceptualization, K.O., M.D., V.D., E.W., M.O.R., and H.T.; methodology, K.O., M.D.,
V.D., E.W., M.O.R., and H.T.; software, N.v.d.E., M.O.R., and H.T.; validation, N.v.d.E., M.O.R., and H.T.; formal
analysis, N.v.d.E., M.O.R., and H.T.; investigation, K.O., M.D., V.D., and E.W.; resources, M.O.R. and H.T.;
data curation, N.v.d.E., M.O.R., and H.T.; writing—original draft preparation, N.v.d.E.; writing—review and
editing, N.v.d.E., M.O.R., and H.T.; visualization, N.v.d.E., M.O.R., and H.T.; supervision, M.O.R. and H.T.; project
administration, M.O.R. and H.T.; funding acquisition, M.O.R. and H.T.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Nederlandse Vereniging Voor Klinische Geriatrie, Guideline: ‘Preventie van Valincidenten bij Ouderen’.
2004. Available online: https://www.nvkg.nl/sites/nvkg.nl/files/valincidenten-bij-ouderen-preventie-van.pdf
(accessed on 20 August 2018).
2. Janssen, I.; Heymsfield, S.B.; Ross, R. Low Relative Skeletal Muscle Mass (Sarcopenia) in Older Persons
Is Associated with Functional Impairment and Physical Disability. J. Am. Geriatr. Soc. 2002, 50, 889–896.
[CrossRef] [PubMed]
3. De Vries, N.M.; Staal, J.B.; van der Wees, P.J.; Adang, E.M.; Akkermans, R.; Olde Rikkert, M.G.;
Nijhuis-van der Sanden, M.W. Patient-centered physical therapy is (cost-) effective in increasing physical
activity and reducing frailty in older adults with mobility problems: A randomized controlled trial with
6 months follow-up. J. Cachexia Sarcopenia Muscle 2016, 7, 422–435. [CrossRef] [PubMed]
4. Mijnarends, D.M.; Meijers, J.M.; Halfens, R.J.; ter Borg, S.; Luiking, Y.C.; Verlaan, S.; Schols, J.M. Validity and
reliability of tools to measure muscle mass, strength, and physical performance in community-dwelling
older people: A systematic review. J. Am. Med. Dir. Assoc. 2013, 14, 170–178. [CrossRef] [PubMed]
5. Celis-Morales, C.A.; Welsh, P.; Lyall, D.M.; Steell, L.; Petermann, F.; Anderson, J.; Pell, J.P. Associations of
grip strength with cardiovascular, respiratory, and cancer outcomes and all cause mortality: Prospective
cohort study of half a million UK Biobank participants. BMJ 2018, 361, k1651. [PubMed]
Healthcare 2019, 7, 82 7 of 8
6. Pavasini, R.; Serenelli, M.; Celis-Morales, C.A.; Gray, S.R.; Izawa, K.P.; Watanabe, S.; Onoue, Y. Grip strength
predicts cardiac adverse events in patients with cardiac disorders: An individual patient pooled meta-analysis.
Heart 2019, 105, 834–841. [CrossRef] [PubMed]
7. Mainous, A.G., III; Tanner, R.J.; Anton, S.D.; Jo, A. Grip strength as a marker of hypertension and diabetes in
healthy weight adults. Am. J. Prev. Med. 2015, 49, 850–858. [CrossRef] [PubMed]
8. Kallman, D.A.; Plato, C.C.; Tobin, J.D. The role of muscle loss in the age-related decline of grip strength:
Cross-sectional and longitudinal perspectives. J. Gerontol. 1990, 45, M82–M88. [CrossRef]
9. Tuckett, A.G.; Hodgkinson, B.; Rouillon, L.; Balil-Lozoya, T.; Parker, D. What carers and family said about
music therapy on behaviors of older people with dementia in residential aged care, International journal of
older people nursing. Int. J. Older People Nurs. 2015, 10, 146–157. [CrossRef]
10. Sacks, O.Musicophilia: Tales ofMusic and the Brain, Chapter: Keeping Time: Rhythm andMovement; Pan Macmillan:
London, UK, 2011.
11. Schäfer, T.; Sedlmeier, P.; Städtler, C.; Huron, D. The psychological functions of music listening. Front. Psychol.
2013, 13, 511. [CrossRef]
12. Schmid, W.; Rosland, J.H.; von Hofacker, S.; Hunskår, I.; Bruvik, F. Patient’s and health care provider’s
perspectives on music therapy in palliative care—An integrate review. BMC Palliat. Care 2018, 17, 32.
[CrossRef]
13. Karageorghis, C.I.; Cheek, P.; Simpson, S.D.; Bigliassi, M. Interactive effects of music tempi and intensities on
grip strength and subjective affect. Scand. J. Med. Sci. Sports 2018, 28, 1166–1175. [CrossRef]
14. Karageorghis, C.I.; Terry, P.C. The psychophysical effect of music in sport and exercise: A review. J. Sport Behav.
1997, 20, 54–68.
15. Lee, A.L.; Dolmage, T.E.; Rhim, M.; Goldstein, R.S.; Brooks, D. The Impact of Listening to Music During
a High-Intensity Exercise Endurance Test in People With COPD. Chest 2018, 153, 1134–1141. [CrossRef]
[PubMed]
16. De Dreu, M.J.; van der Wilk, A.S.; Poppe, E.; Kwakkel, G.; van Wegen, E.E. Rehabilitation, exercise therapy
and music in patients with Parkinson’s disease: A meta-analysis of the effects of music-based movement
therapy on walking ability, balance and quality of life. Parkinsonism Relat. Disord. 2012, 18 (Suppl. 1),
S114–S119. [CrossRef]
17. Bishop, D.T.; Wright, M.J.; Karageorghis, C.I. Tempo and intensity of pre-task music modulate neural activity
during reactive task performance. Psychol. Music. 2014, 42, 714–727. [CrossRef]
18. Overy, K.; Molnar-Szakacs, I. Being together in time: Musical experience and the mirror neuron system.
Music Percept. 2009, 26, 489–504. [CrossRef]
19. Eliakim, M.; Meckel, Y.; Nemet, D.; Eliakim, A. The Effect of Music during Warm-Up on Consecutive
Anaerobic Performance in Elite Adolescent Volleyball Players. Int. J. Sports Med. 2007, 28, 321–325.
[CrossRef]
20. Yamamoto, T.; Ohkuwa, T.; Itoh, H.; Kitoh, M.; Terasawa, J.; Tsuda, T.; Kitagawa, S.; Sato, Y. Effects of
Pre-exercise Listening to Slow and Fast Rhythm Music on Supramaximal Cycle Performance and Selected
Metabolic Variables. Arch. Physiol. Biochem. 2003, 111, 211–214. [CrossRef]
21. Karageorghis, C.I. ApplyingMusic in Exercise and Sport; Human Kinetics: Champaign, IL, USA, 2017; pp. 80–82.
22. Szmedra, L.; Bacharach, D.W. Effects of music on perceived exertion, plasma lactate, norepinephrine and
cardiovascular hemodynamics during treadmill running. Int. J. Sports Med. 1998, 19, 32–37. [CrossRef]
23. Hayakawa, Y.; Takada, K.; Miki, H.; Tanaka, K. Effects of music on mood during bench stepping exercise.
Percept. Mot. Skills 2000, 90, 307–314. [CrossRef]
24. Wilkins, R.W.; Hodges, D.A.; Laurienti, P.J.; Steen, M.; Burdette, J.H. Network science and the effects of music
preference on functional brain connectivity: From Beethoven to Eminem. Sci. Rep. 2014, 4, 6130. [CrossRef]
[PubMed]
25. Bartolomei, S.; Di Michele, R.; Merni, F. Effects of self-selected music on maximal bench press strength and
strength endurance. Percept. Mot. Skills 2015, 120, 714–721. [CrossRef] [PubMed]
26. Biagini, M.S.; Brown, L.E.; Coburn, J.W.; Judelson, D.A.; Statler, T.A.; Bottaro, M.; Longo, N.A. Effects
of self-selected music on strength, explosiveness, and mood. J. Strength Cond. Res. 2012, 26, 1934–1938.
[CrossRef] [PubMed]
Healthcare 2019, 7, 82 8 of 8
27. Lutomski, J.E.; Baars, M.A.; Schalk, B.W.; Boter, H.; Buurman, B.M.; den Elzen, W.P.; Rikkert, M.G.O.
The development of the Older Persons and Informal Caregivers Survey Minimum DataSet (TOPICS-MDS):
A large-scale data sharing initiative. PLoS ONE 2013, 8, e81673. [CrossRef] [PubMed]
28. Langius, J.; Visser, W.; Kruizenga, H.; Reijven, N. Meetprotocol handknijpkracht mbv Hand
Dynamometer—Nutritional Assessment Platform 2016. Nutr. Assess. Platf. 2016, 33, 1149–1158.
29. Spruit, M.A.; Sillen, M.J.; Groenen, M.T.; Wouters, E.F.; Franssen, F.M. New Normative Values for Handgrip
Strength: Results from the UK Biobank. J. Am. Med. Dir. Assoc. 2013, 14, 77500000. [CrossRef] [PubMed]
30. Guerra, R.S.; Fonseca, I.; Pichel, F.; Restivo, M.T.; Amaral, T.F. Handgrip strength and associated factors in
hospitalized patients. JPEN J. Parenter. Enter. Nutr. 2015, 39, 322–330. [CrossRef] [PubMed]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
